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UPDATE OF MAXIMUM SHIP SIZE STUCY
COSTS TO JANUARY 1981 DOLLARS

1. SUMMARY

The objective of this subtask is to show how the cost
figures quoted in the "Maximum Ship Size Study" draft report [1]
were obtained, and to update the costs to January 1981 dollars.
The ship capital and operating costs, the required freight rates,
and the Great Lakes/St. Lawrence Seaway structural and non-
structural improvement costs from the "Maximum Ship Size Study"
were separated into individual costs and are tabulated in this
report. The costs were then updated to January 1981 dollars
using general cost escalation figures obtained from Engineering
News Record [2]. These general escalation figures cannot be
applied to fuel cost increases, therefore the fuel cost portion
of ship operating costs were updated using the actual fuel costs.
A summary of the escalation factors used to update these costs
is given in Table 1.

Required freight rates were used in the "Maximum Ship
Size Study" as a measure of the benefits derived from modifying
the Great Lakes/St. Lawrence Seaway System to handle larger
ships than can currently pass through the system. A summary of
the required freight rates escalated to January 1981 dollars for
the ships and routes considered in the "Maximum Ship Size Study"
is given in Tables 2A, 2B, and 3.

The costs of modifying the Great Lakes/St. Lawrence
Seaway System to handle the larger ships must be considered to
determine the optimal ship size. The cost of each required
modification for each proposed ship size escalated to January
1981 dollars is given in Tables 4A through D.

1-1
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TABLE 1 COST ESCALATION FACTORS

dUILDING COST [2] CONSTRUCTION COST [2]
DATE INDEX INDEX

January 1981 2031 3400

January 1977 1489 2494

July 1977 1539 2579

August 1977 1554 2611

September 1977 1584 2644

October 1977 1618 2675

December 1977 1607 2669

Base Year 1913 100 100

DIESEL FUEL COST JANUARY 1977 JANUARY 1981

Lake Ships $100/long ton $309/long ton

Ocean Ships $ 75/long ton $309/long ton

Note:

The "Building Cost Index" is the price of a quantity of
skilled labor and materials which cost $100 in 1913.

The "Construction Cost Index" is the price of a quantity
of common labor and materials which cost $100 in 1913.
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2. INTRODUCTION

The Great Lakes/St. Lawrence Seaway System (GL/SLS)
provides deep water access from the Atlantic Ocean to ports in
a 19 state region extending approximately 2400 miles inland [3].
In order to maximize the national benefits from the use of the
GL/SLS System, the largest ship which is economically feasible
to operate on the system must be identified. This will allow
for proper long range planning of the System.

The current limitations on ship size in the GL/SLS System
exist because of the sizes of the locks, channels, and harbors.
Ships are generally assumed to have positive economics of scale.
Therefore, the maximum ship size which is economically feasible
becomes a trade-off between the increasing benefits of building
and operating larger ships, and the increasing costs of improv-
ing the system to handle those larger ships.

The U.S. Army Corps of Engineers North Central Division
performed a study to determine the largest economical ship size
for the GL/SLS System. This study, entitled "Maximum Ship Size
Study" [1], was published in draft form in December 1977.

The purposes of this report are to document the cost
components of the "Maximum Ship Size Study" and to update all
of the Study costs to January 1981 dollars. Each GL/SLS System
structural and non-structural impruvement cost was investigated
to deterrrne how it was obtained. These improvement costs are
itemized by ship size and draft for each channel, lock, harbor,
bridge, and tunnel requiring modification. In addition, total
system improvement estimates were made based on ship size and
draft for aids to navigation, real estate, contingencies,
engineering and design, supervision and administration, non-
federal first costs, investment costs, and operational mainte-
nance costs.

The costs were updated to January 1981 dollars using
appropriate escalation factors. in most cases the escalation
factors were the "Building Cost Index" and the "Construction
Cost Index" prepared by Engineering News Record. Ship capital
and operating costs and the required freight rates (RFR) for the
example routes used in the "Maximum Ship Size Study" were also
updated to January 1981 dollars.
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In order to obtain the individual ship costs, required
freight rates, and system improvement costs from the "Maximum
Ship Size Study", the unpublished appendices to the "Maximum
Ship Size Study", the working notes developed okring the course
of the study, and the work of outside consultants called upon
during the study were reviewed. All reference material used in
preparing this update is documented in Section 6 of this report.
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3. VESSEL COST DATA

Fourteen prototype lake bulk carriers and five prototype
oceangoing ships, consisting of two container ships, two bulk
carriers, and one general cargo ship, were treated in the "Maxi-
mum Ship Size Study" as possible ships for operation on the Great
Lakes/St. Lawrence Seaway System. The ships were analyized at a
series of drafts ranging from 25.5 to 36 ft. A basic assumption
of the 1977 "Maximum Ship Size Study" was that all of these ships
would be U.S. built and U.S. manned.

The oceangoing ships used in the study were selected as
typical ships which either meet the current operational size
requirements for the System, or which were assumed to be of a
potential size for future Systems operation subsequent to struc-
tural modifications to the System. These ships were selected
by R. M. Scher of the University of Michigan [4] under a contract
for this portion of the study.

The Great Lakes bulk carriers were designed by R. A. Stern,
Inc. [5] under a subcontract to the University of Michigan. These
fourteen ships were judged to be an adequate cross-section of
possible lake ship sizes, ranging from the largest ship currently
operable through the Upper Great Lakes, to the largest ship deemed
feasible to be built and operated on the Great Lakes.

3.1 Ship Capital Costs

The capital construction costs for the nineteen ships
examined in the "Maximum Ship Size Study" were estimated by the
University of Michigan [4, 6]. The cost estimates were based on
the costs of steel, shipyard labor, and shipyard overhead and
are given in the study as January 1977 costs.

The ship construction costs were updated to January 1981
dollars using the "Building Cost Index" from Engineering Ncws
:',,'r which accounts for increases in the costs of skilled labor
and materials. These cost indices yield similar cost escalation
figures to those published by the Maritime Administration. The
Maritime Administration figures could not be used in this cost
update study because unprecendented ship sizes were used in the
"Maximum Ship Size Study". In addition, Marad's figures are
available only on an annual basis whereas the ENR indices are
prepared on a monthly basis. A summary of the construction cost
for each ship in both January 1977 and January 1981 dollars is
given in Table 5.
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TABLE 5 SHIP CONSTRUCTION COSTS

SHIP TYPE SIZE COST (1000$)
JAN. 77 JAN. 81

Ocean-Container 730x75 36,640 49,980
Ocean-Container 940x105 57,560 78,510
Ocean-Bulk 730x75 20,530 28,000
Ocean-Bulk lO00x130 41,930 57,190
Ocean-General Cargo 730x75 17,610 24,020

Lake-Bulk lO00xlO5x56 39,830 54,330
Lake-Bulk llOOxlO5x56 44,110 60,170
Lake-Bulk 1200xlO5x65 49,060 66,920
Lake-Bulk 1200x130x65 54,290 74,050
Lake-Bulk 1200x130x74 54,420 74,230
Lake-Bulk 1200x175x65 68,640 93,630
Lake-Bulk 1200x175x74 68,730 93,750
Lake-Bulk 1300x130x65 59,090 80,600
Lake-Bulk 1300x130x69.5 59,050 80,540
Lake-Bulk 1300x130x74 59,020 80,500
Lake-Bulk 1300x175x65 73,660 100,470
Lake-Bulk l300xl75x69.5 73,550 100,320
Lake-Bulk 1300x175x74 73,740 100,580
Lake-Bulk 1500x175x74 87,220 118,970

ENR Buiding Cost Index: Jan. 77 = 1439;
Jan. 81 z 2031;

Base: 1913 = 100

Lake Bulk carriers are self-unloading dry bulk carriers.
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3.2 Ship Operating Costs

The annual operating costs for the nineteen ships studied
in the "Maximum Ship Size Study" were also estimated by the
University of Michigan [6]. These annual costs include the costs
for fuel, maintenance and repair, insurance, crew, overhead, tow-
ing, and layup.

It was assumed in the study that the oceangoing ships
would operate at maximum draft for the ocean portion of their
voyage and then unload at Montreal to meet allowable Seaway draft
restrictions. For this reason, the University of Michigan was
able to determine that the influence of Seaway draft on the oper-
ating costs of the oceangoing ships becomes negligible. The lake
ships must operate at the allowable System draft at all times,
therefore the effect of draft on the operating costs of the lake
ships was taken into account [6].

The costs of operating the lake ships during periods of
extended winter navigation were also taken into account in the
"Maximum Ship Size Study". Estimates were made of the annual
operating costs for 8.5 month, 10 month, and 12 month seasons.

The operating costs for the "Maximum Ship Size Study" were
given in January 1977 dollars. The costs were updated to January
1981 dollars by increasing the fuel costs to reflect the current
diesel fuel price of approximately $309/long ton, and by increas-
ing the other cost items using the :,:& i.u:s F
"Construction Cost Index". These updated ship operating costs
are comparable with those published by the Maritime Administration.
A summary of the operating costs for oceangoing ships is given in
Table 6. A summary of the operating costs for lake ships, by
length of season, is given in Tables 7A, B, and C.

3.3 Required Freight Rates

Required freight rate (RFR), as used in the "Maximum Ship
Size Study", is defined as the shipping charge for the goods
being transported that will yield a 10" after-tax return on the
ship investment. The following equation was used to calculate
required freight rates:

L7 x CR 7 + A(1)
Capacity
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TABLE 6 ANNUAL OCEAN SHIP OPERATING COSTS (1000 $/YR)

SHIP TYPE/SIZE EUROPE JAPAN
JAN. 77 JAN. 81 JAN. 77 JAN. 81

Container
730x75 3,621 10,551 4,501 14,177

940A105 5,754 17,222 7,837 25,804

Bulk Carriers
730x75 2,310 6,021 2,399 6,388
1O00xl30 4,382 12,093 4,672 13,288

General Cargo 2,653 7,239 3,222 9,583
730x75

Diesel Fuel Cost: Jan. 1977 $ 75/L.ton

Jan. 1981 $309/L.ton

ENR Construction Cost Index Jan. 1977 2494
Jan. 1981 3400
Base: 1913 = 100
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where:

RFR = required freight rate ($/long ton),

CRF = capital recovery factor that will
allow a 10% after-tax return on in-
vestment for the design life of the
ship, based on a 48% corporate tax
rate,

CC = capital cost of constructing the
ship ($),

AOC = annual cost of operating the ship
($/yr)

Capacity = annual amount of cargo hauled (long
tons/yr).

Since both the annual operating costs and the amount of
cargo that can be hauled change with route, RFR's are route spe-
cific. The "Maximum Ship Size Study" determined the RFR's for
several typical routes for each ship class.

Required freight rates also vary with the length of the
shipping season. Three season scenarios were analyzed for ocean-
going ships and three season scenarios were analyzed for lake
ships. The oceangoing ship scenarios are:

338 days: Full-year GL/SLS operation,

254 days: 8.5 month GL/SLS operation with off-
season use elsewhere,

254 days: 8.5 month operation with off-season
layup.

The lake ship scenarios consist of 8.5, 10, and 12 month season
with the ships being idle for the remainder of the year.

The required freight rates for all the ships and routes
used in the "Maximum Ship Size Study" were given in January 1977
dollars in the unpublished Appendix A of the Study. The RFR's
are updated to January 1981 dollars in this repe t, using the
updated ship construction costs from Table 5 and the updated ship
operating costs from Tables 6 and 7. This approach assumes that
the defined return of 10% after 48% corporate tax is still an
appropriate return on investment. A summary of the required
freight rates for the oceangoing ships in the "Maximum Ship Size
Study" is given in Tables 8A through D. A summary of the required
freight rates of the lake ships is given in Tables 9A through D.
The updated required freight rates are summarized in Tables 2A,
2B, and 3.
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TABLES 8A - 8D (CONTINUED)

NOTES

1. Ship Routes:

Container Ships

a. Rotterdam to Montreal, Detroit, and Chicago
b. Yokohama to Montreal, Detroit, and Chicago
c. Rotterdam to Montreal, Cleveland, and Detroit

Import-export containers, loads equally divided between all ports,
available Seaway draft always utilized.

Bulk Carriers

a. Chicago to Rotterdam
b. Duluth to Japan

Ships top-off to maximum draft at Baie Commeau. Empty backhaul.

General Cargo

a. Japan to Montreal, Detroit; and Chicago
b. Rotterdam to Montreal, Detroit, and Chicago

Import-export. Seaway cargo equally divided between Chicago and Detroit.
Loading or unloading at Montreal only to available Seaway draft.

2. 338 day season: year-round operation with 22 day lay-up for maintenance.

3. 254 day season: 8.5 month operation with a transfer of service to other
operations during winter.

4. 254 day season: 8.5 month operation with lay-up during winter months.

5. Container ship RFR in $/TEU.

6. Bulk carrier and General Cargo Ship RFR in $/L.ton.
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4. STRUCTURAL AND NON-STRUCTURAL COSTS

The largest ship which may pass through the St. Lawrence
River Locks and the Welland Canal Locks has a length of 730 ft,
a beam of 76 ft, and a draft of 25.5 ft at low water datum. The
largest ship that may pass through the Soo Locks has a length of
1000 ft, a beam of 105 ft, and a draft of 25.5 ft at low water
datum [3]. Most of the Great Lakes harbors and connecting chan-
nels have the capability of handling similarly sized ships. Ship
draft is limited due to the depth of most of the harbors and
channels. Therefore, major improvements to the locks, harbors,
and connecting channels would be required to accomodate most of
the ships considered in the "Maximum Ship Size Study".

4.1 Connecting Channels

The major connecting channels on the GL/SLS System would
require dredging to allow safe passage of larger ships. The
channels that would have to be modified are

1. St. Marys River

2. Straits of Mackinac

3. St. Clair River-Lakes St. Clair-Detroit River-
Pelee Passage

4. Welland Canal

5. St. Lawrence River.

Gray's Reef Passage in Lake Michigan was also considered for mod-
ification, however, it was not included in the study because the
savings in transit time could not justify the high cost of im-
proving the passage [1].

The connecting channels were sized by a computer program
developed as part of the "Maximum Ship Size Study". The Rock
Island District of the Corps of Engineers estimated the quantities
of dredging required for 1100 x 105 ft, 1200 x 130 ft, and 1300 x
175 ft ships at four drafts [7]. Quantities for intermediate size
ships were extrapolated using the significant dimensions. Quanti-
ties for the 1300 by 130 ft ships were estimated to be less than
those for the 1200 by 130 ft ship in Lake St. Clair because the
1300 ft long hull is more hydrodynamically efficient in open
water and therefore will have less squat [1]. In a narrower
channel such as the St. Mary's River, bank effects dominate the
channel sizing and therefore the dredging estimates are strictly
beam dependant and are independant of ship length [1].
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Unit costs of $8/yd3 for overburden and $45/yd3 for rock
were used to estimate dredging costs for all channels except the
Welland Canal, where the unit costs were $5/yd 3 for overburden
and $25/yd3 for rock. These unit costs include the cost of dis-
posing of the dredged material in appropriate sites.

The dredging unit costs were escalated using the Engineer-
ing News Record "Construction Cost Index" to update them from
August 1977 dollars to January 1981 dollars. The dredging quan-
tities, the original cost from the Study, and the updated costs
are given in Tables 1OA through D.

An investigation was made of the effects that channel
dredging would have on the water levels in the channels by the
North Central Division Water Control Center. It concluded from
this work that some form of compensating structure would be
required on the St. Marys River, the St. Clair River, and the
Detroit River. No compensating structures were deemed necessary
for the St. Lawrence River which is well controlled by locks and
dams.

The "Maximum Ship Size Study" assumed that the compensating
structures would be of the type proposed by the International
Great Lakes Levels Board report to the International Joint Com-
mission, entitled "Regulation of Great Lakes Water Levels". The
costs originally estimated in the Study for the compensating
structures are given in Table 11, along with updated January 1981
costs.

4.2 Locks

Analysis of the costs for increasing the size of all the
locks on the GL/SLS System was performed by the Rock Island
District [8]. The analysis also reflects an optimization of the
lock system by combining into single locks, the Snell Lock with
the Eisenhower Lock and the Upper Beauharnois Lock with the Lower
Beauharnois Lock. The Welland Canal was assumed replaced with a
five lock system, consisting of four high lift locks and one guard
lock. An additional large lock was assumed to be constructed at
the Soo. If the beam on the maximum size ship was no more than
105 ft, it was assumed that the Davis lock would be replaced. If
the beam was greater than 105 ft both the Sabin and Davis locks
would be replaced. An additional lock, similar to the Iroquois
Lock, was included for the St. Clair River for flow control.
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TABLE 1OA CHANNEL DREDGING
SHIP DRAFT = 25.5 FT

CHANNEL SHIP SIZE VOLUME COST
OVERBURDEN ROCK JUL. 77 JAN. 81
(1000 yd3 ) (1000 yd3 ) (1000 $) (1000 $)

St. Marys River 940x105 0 0 0 0
lO00x130 Unknown 789,052 1,040,239
llOOx1O5 0 0 0 0
llOOx130 Unknown 789,818 1,041,249
1200x130 62,424 6,471 790,561 1,042,229
1300x130 62,424 6,471 790,561 1,042,229
1300x175 99,431 10,776 1,280,329 1,687,909

Straits of
Mackinac 940xl05 0 0 0 0

lO00x130 0 0 0 0
llOOx1O5 0 0 0 0
llOOx130 0 0 0 0
1200x130 0 0 0 0
1300x130 0 0 0 0
1300x175 0 0 0 0

St. Clair-
Detroit R.-
Pelee 940xl05 0 0 0 0

lO00x130 Unknown 1,287,298 1,697,097
llOOxIO5 0 0 0 0
llOOx130 Unknown 1,287,298 1,697,097
1200x130 Unknown 1,287,298 1,697,097
1300x130 Unknown 1,282,599 5,690,902
1300x175 Unknown 1,800,086 2,373,126

Welland Canal 940xl05 114,038 17,954 1,019,028 1,343,426
lO00x130 Not Investigated

110Ox105 114,038 17,954 1,019,028 1,343,426
llOOx130 Not Investigated
1200x130 140,304 21,095 1,228,894 1,620,101
1300x130 140,304 21,095 1,228,894 1,620,101
1300x175 199,079 30,575 1,759,763 2,319,967

St. Lawrence River 940xl05 27,053 43,955 2,195,149 2,893,954
(costs include lO00x130 Not Investigated
dike relocation llOOx105 27,053 43,955 2,195,149 2,893,954
77: $750,000 llOOx130 Not Investigated
81: $989,000) 1200x130 40,260 56,708 2,874,690 3,789,820

1300x130 40,260 56,708 2,874,690 3,782,820
1300x175 71,826 88,684 4,566,138 6,019,724

ENR "Construction Cost Index" Aug. 77 = 2611
Jan. 81 : 3400
Base: 1913 100
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TABLE lOB CHANNEL DREDGING
SHIP DRAFT = 28 FT

CHANNEL SHIP SIZE VOLUME COST
OVERBURDEN ROCK JUL. 77 JAN. 81
(1000 yd3) (1000 yd3) (1000 $) (1000 $)

St. Marys River 940x105 36,643 2,685 413,971 545,755
O00xl3O Unknown 983,092 1,296,050

llOOxl05 36,643 2,685 413,971 545,755
llOOxl30 Unknown 989,129 1,304,009
1200xl30 89,322 7,627 995,204 1,312,018
1300x130 Unknown 995,166 1,311,968
1300x175 125,102 12,257 1,497,833 1,974,654

Straits of
Mackinac 940x105 0 83.1 3,739 4,929

1000xl30 0 83.1 3,739 4,929
IlOOx1O5 0 83.1 3,739 4,929
1100x130 0 83.1 3,739 4,929
1200x130 0 83.1 3,739 4,929
1300x130 0 83.1 3,7$9 4,929
1300x175 0 83.1 3,739 4,929

St. Clair-
Detroit R.-
Pelee 940x105 133,820 6,277 1,148,911 1,514,656

lO00x130 Unknown 1,184,713 1,561,855
llOOxl05 133,820 6,277 1,148,911 1,514,656
llOOxl30 Unknown 1,316,347 1,735,393
1200x130 133,822 8,711 1,462,609 1,928,217
1300x130 133,777 8,601 1,457,270 1,921,178
1300x175 181,884 12,802 2,031,178 2,677,784

Welland Canal 940x105 122,052 20,788 1,129,971 1,489,686
lO00x130 Not Investigated
llOOxiO5 122,052 20,788 1,129,971 1,489,686
lOOx130 Not Investigated
1200xl30 151,888 24,519 1,372,410 1,809,304
1300x130 151,888 24,519 1,372,410 1,809,304
1300x175 206,009 35,356 1,913,939 2,523,223

St. Lawrence River 940xl05 45,618 55,103 2,845,329 3,751,112
(costs include 1000x130 Not Investigated
dike relocation llOOx105 45,618 55,103 2,845,329 3,751,112
77: $750,000 llOOxl30 Not Investigated
81: $989,000 1200xl30 62,997 69,654 3,639,156 4,797,647

1300xl3O 62,997 69,654 3,639,156 4,797,647
1300x175 103,984 105,358 5,573,732 7,348,076

ENR "Construction Cost Index" Aug. 77 = 2611
Jan. 81 = 3400
Base: 1913 = 100
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TABLE IOC CHANNEL DREDGING
SHIP DRAFT = 32 ft

CHANNEL SHIP SIZE VOLUME COST
OVERBURDEN ROCK JUL. 77 JAN. 81
(1000 yd 3) (1000 yd3) (1000 $) (1000 $)

St. Marys River 940xl05 77,462 4,821 836,656 1,102,997
lO00xl30 Unknown 1,583,110 2,087,078
llOOxlO5 77,462 4,821 836,656 1,102,997
llOOxl30 Unknown 1,588,395 2,094,045
1200xl30 193,784 14,248 1,593,700 2,101,039
1300xl30 193,784 14,248 1,593,700 2,101,039
1300x175 188,411 15,501 2,204,741 2,906,599

Straits of
Mackinac 940xl05 0 577 25,078 33,061

lO00xl30 0 577 25,078 33,061
llOOx105 0 577 25,078 33,061
llOOxl30 0 577 25,078 33,061
1200xl30 0 577 25,078 33,061
1300xl3O 0 577 25,078 33,061
1300x175 0 577 25,078 33,061

St. Clair-
Detroit R.-
Pelee 940xl05 173,192 113,858 6,310,460 8,319,335

lO00xl30 Unknown 6,470,737 8,530,634
IlOOxl05 173,192 113,858 3,310,460 8,319,335
llOOxl30 Unknown 6,631,015 8,741,935
1200xl30 173,192 120,128 6,791,293 8,953,236
1300x130 169,729 117,861 6,661,577 8,782,226
1300x175 251,866 125,186 7,648,467 10,083,283

Welland Canal 940xl05 132,846 26,081 1,316,267 1,735,288
lO00xl30 Not Investigated
llOOxl05 132,846 26,081 1,316,267 1,735,288
llOOxl30 Not Investigated
1200xl30 165,845 30,691 1,596,501 2,104,732
1300xl30 165,845 30,691 1,596,501 2,104,732
1300x175 226,014 43,843 2,226,153 2,934,828

St. Lawrence River 940xl05 83,156 72,937 3,948,163 5,205,023
(costs include lO00xl30
dike relocation llOOxl05 83,156 72,937 3,948,163 5,205,023
77: $750,000 llOOxl30
81: $989,000) 1200xl30 107,810 90,637 4,941,895 6,515,100

1300xl30 107,810 90,637 4,941,895 6,515,100
1300x175 162,154 133,075 7,286,357 9,605,899

ENR "Construction Cost Index" Aug. 77 = 2611
Jan. 81 3400
Base: 1913 = 100
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TABLE 10D CHANNEL DREDGING
SHIP DRAFT = 36 FT

CHANNEL SHIP SIZE VOLUME COST
OVERBURDEN ROCK JUL. 77 JAN. 81
(1000-yd3) (1000 yd3)- (1000 $) (1000 $

St. Marys River 940xlO5 Unknown 1,150,399 1,516)618
1000x)30 Unknown 2,178,714 2,872,287
1100xl05 No Plan
lV1OOxl3O Unknown 2,185,014 2,880,592
l200xl3O 193,784 14,248 2,191,332 2,888,922
'13O0xl30 lq3,784 14,248 2,191,332 2,888,922
1300x175 251 ,055 20,140 2,930,701 3,863,662

Straits of
Mackinac 940xlO5 0 1,174 52,830 69,648

1000x130 0 1,174 52,830 69,648
1 lOOxiO5 No Plan
1100xl30 0 1,174 52,830 69,648
1200xl3O 0 1,174 52,830 69,648
l300x13O 0 1,174 52,830 69,648
1300x175 0 1,202 54,076 71,291

St. Clair-
Detroit R. -
Pelee 940x105 Unknown 11,103,473 14,638,158

1000x130 Unknown 11,376,176 14,997,673
II00x105 N4o Plan
1100x130 Unknown 11,648,879 15,357,188
1200x130 252,876 2' 9.968 11,921,582 15,716,704
1300x10 252,745 218,844 11,869,944 15,648,627
13000175 348,691 227,340 13,019,801 17,164,520

Welland Canal 940xlO5 Unknown 1,522,449 2,007,106
1000x130 Not Investigated
I100X105 No Plan
110Ox13O Not Investigated
1200x130 178,675 38,123 1,846,458 2,434,260
1300xl3O 178,675 38,123 1,846,458 2,434,260
13000175 243,877 54,308 2,577,086 3,397,477

St. Lawrence River 940xl05 Unknown 5,078,035 6,694,579
(costs include 1000x130 Not Investigated
dike reduction 1100x105 No Plan
77: $750,000 1100x130 Not Investigated
81: $989,000) l200xl30 158,688 113,016 6,355,974 8,379,338

l300xl30 158,688 113,016 6,355,974 8,379,338
13000175 230,361 163,595 9,205,413 12,135,868

ENR "Construction Cost Index"' Aug. 77 =2611
Jan. 81 =3400
Base: 1913 100
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TABLE 11 WATER LEVEL COMPENSATING STRUCTURE COSTS

LOCATION 28 ft DRAFT 32 ft DRAFT 36 ft DRAFT
9/77 1/81 9/77 1/81 9/77 1/81
(1000$) (1000$) (1000$) (1000$) (1000$) .(1000$)

St. Marys River 100,000 129,000 110,000 141,000 120,000 154,000

St. Clair River

Port Huron 26,500 34,100 30,500 39,200 35,000 45,000
Stag Is. 24,000 30,900 28,000 36,000 33,000 42,400
St. Clair 38,000 48,900 45,000 57,900 50,000 64,300
Marine City 0 0 45,000 57,900 50,000 64,300

Detroit River
Peach Is. 50,000 64,300 57,000 73,300 68,000 87,4'C
Zug Is. 45,000 57,900 50,000 64,300 55,000 70,d.
Lower Fighting

Is.& Trenton 55,000 70,700 60,000 77,200 65,000 83,600

ENR Construction Cost Index Sept. 77 = 2644
Jan. 81 = 3400
Base Year 1913 = 100
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The lock costs were supplied by the Rock Island District
as lump sum costs per lock for each vessel size, in October 1977
dollars. These costs have been updated to January 1981 dollars,
using the "Construction Cost Index" which takes into account the
increased cost of construction materials and common labor. A
summary of the lock costs is given in Table 12.

4.3 Harbors

Not all of the harbors on the GL/SLS System were analyzed
for improvements required to handle the maximum sized ship. The
seventeen harbors analyzed in the "Maximum Ship Size Study" ac-
commodate the major portion of GL/SLS iron ore, coal, and general
overseas cargo traffic, and were considered representative of the
entire system.

Harbor improvement scenarios were developed in the study
for each ship size. These scenarios are given in Tables 13A
through D. Harbor improvements include dredging the harbor and
approach channels, dredging turning basins, and removing and
reinstalling breakwaters. Harbor improvement quantity estimates
and cost estimates were made by DeLeuw, Cather and Company [9].
The estimates on the required harbor depth to allow a specified
draft were based on the theoretical amounts of squat, roll,
pitch, trim and heave for each size vessel under the wind and
wave conditions that could be expected for that harbor. A 2 ft
safety clearance and a 1.5 ft overdredge estimate to compensate
for the un-even bottom surface left by the dredging equipment
were included [1].

The harbor improvement scenarios reflect, in DeLeuw
Cather and Company's judgement the optimal use of each harbor
for each maximum size ship. In many cases, more areas could be
improved to dock smaller ships (940 and 1100 ft long) than could
dock larger ships (1300 and 1500 ft long). Therefore, in these
cases the harbor improvement costs for the smaller ships may be
greater than for the larger ships. An obvious example of this
is Toledo Harbor. As is indicated in Table 13A the harbor would
be dredged to construct two new docking sites for 940 by 105 ft
vessels, whereas, Table 13B indicates that a docking site for
one 1100 by 105 ft vessel is already under construction (cost not
included in the study). Docking sites for 1100 ft long vessels
could not be constructed due to space limitations where the sites
for the 940 ft vessels were plantied.
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TABLE 13A HARBOR IMPROVEMENT SCENARIOS FOR 940' x 105' VESSELS

Duluth-Superior. Vessels would dock in the Duluth Harbor Basin.
For vessels drawing 25.5 feet, deepening to 29.4 feet in the
harbor and 31.3 feet in the entrance channel would be nec-
essary. For vessels drawing 28 and 32 feet, additional
dredging would be required in the harbor and in the Duluth
Ship Canal and its immediate approach channel.

Milwaukee. There is space for at least four 940' x 105' vessels
in the south slips of the outer harbor. The harbor has suf-
ficient width for a turning basin and adequate entrance
clearance. Deepening to 29.6 feet would be required for
vessels of 25.5 foot draft in a portion of the south outer
harbor and the entrance channel. Vessels of 32 foot depth
would require dredging to 36.1 feet.

Calumet. 940' x 105' vessels could dock at the Transoceanic
Terminal Corp. in the mouth of the Calumet River. The
entrance channel with a current project depth of 28 feet
would have to be deepened.

Burns Harbor, Indiana. The Indiana Port Commission Dock in Burns
Harbor has adequate dimensions for 940' x 105' vessels. Ad-
ditional deepening would be required for all vessel sizes
under evaluation.

Detroit. There are several foreign trade general cargo and con-
tainer terminals along the Detroit River. Deepening would
be required for all vessels sizes under study. An additional
one-half foot would be required in confined areas of the
Trenton Channel.

Toledo. The 940 foot overseas vessels would dock at the Toledo
Overseas Terminals Co. and Toledo-Lucas County Port Authority
at the mouth of the Maumee River. The entrance channel would
be widened to 800 feet and a 1400 foot turning basin would
be dredged opposite the terminal.

Clevel.,d. At least one 940 foot vessel could dock at the Port
of Cleveland, east of the mouth of the Cuyahoga River,
entering the harbor from the main Lake Approach. Dredging
would be required for all vessel sizes under study.

4-12
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Buffalo. Ships would dock at the Buffalo Overseas Terminal
adjacent to the outer harbor. Vessels would enter and exit
the outer harbor by the north entrance channel which would
be widened at the Buffalo River entrance channel to provide
space for turning. Dredging would be required in the approach
channel, the north portion of the outer harbor, and where a
1400 foot turning basin would be located in the south portion
of the outer harbor.

Connecting Channels. St. Mary's River. Dredging would be nec-
cessary for vessel drafts of 28 and 32 feet.

St. of Mackinac. New work dredging would be required for 28 and
32 foot drafts. Additional maintenance dredging would not
be required.

St. Clair and Detroit Rivers. Deepening of channels would be
necessary for vessels drawing 28 or 32 feet.

Detroit East Outer Channel to Toledo Harbor Approach. Dredging
would be rquired to create and maintain an 800 foot wide
channel to 31.3 feet for vessels of 25.5 foot draft and to
correspondingly greater depths for vessels of greater drafts.

Pelee Passage. Dredging would be required to same depths as
above. Because this is the central Lake Erie passage, a
2000 foot wide channel would be maintained.

Welland Canal. Widening and deepening of the Welland Canal would
be required for all alternative vessel sizes and drafts under
study.

St. Lawrence River. Widening and deepening of some reaches of
the St. Lawrence River would be necessary for all vessel
scenarios being evaluated. Unless limited by lock or bridge
approaches or by constricting land masses, channels would be
widened to 800 feet for vessels of 105 foot beam.
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TABLE 13B HARBOR IMPROVEMENT SCENARIOS FOR 1100' x 105' VESSEL

Duluth-Superior. Vessels entering through the Duluth Ship Canal
would be able to dock at the Duluth, Misabe, and Iron Range
Railway ore docks and the new Superior Midwest Energy (coal)
Terminal on either side of St. Louis Bay. A 1650 foot
turning basin would be dredged in the cross channel in it.
Louis Bay. Vessels could also dock at the Burlington-Northern
ore docks in the Superior Harbor Basin using the Superior
Entry. A turning basin would be dredged in the Superior
Harbor Basin. Both approach channels would also need addi-
tional dredging.

Two Harbors. The harbor has dockage space for two 1100 foot
vessels. About 400 feet of the east breakwater would be re-
moved to make room for a 1650 foot turning basin. A new
breakwater extension 450 feet in length would be constructed.
Areas near the east breakwater would need additional dredging.
Harbor areas in proximate to the ore docks would need dredging
for drafts greater than 25.5 feet.

Presque Isle. For 1100' x 105 ' x 25.5' draft vessels, a small
additional area would be dredged to provide a turning basin
within the area protected by the U.S. breakwater. The entire
harbor would need deepening for greater drafts.

Calumet. An 1100 foot ship would be able to dock along U.S. Steel
property between the North Slip and the mouth of the Calumet
River. This area would have to be dredged from the current
26 foot project depth for all draft alternatives being evalu-
ated, as would the entrance channel currently having a 28
foot project depth.

Indiana. Two vessels could dock along the northwest shoreline of
Youngstown Sheet and Tube Co., property to the east of the
approach channel to Indiana Harbor. Two breakwaters, 1800
and 2000 feet in length, would be constructed to shelter the
new harbor. A 1650 foot turning basin would be dredged in
the sheltered area.

Gary. At least one 1100' x 105' vessel could dock on the U.S.
Steel Co., slip in Gary Harbor. A 1650 foot turning basin
would be dredged in the outer harbor.

Burns. A 1650 foot turning basin would be dredged within the
existing breakwaters. The project depth of 28 feet would
have to be deepened for all vessel alternatives under study.
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Detroit. Approaches would be dredged to the docks of the National
Steel Co. on the Detroit River and to the Detroit Edison Co.
in the mouth of the Rouge River. The Trenton Channel would
be widened to 525 feet past the BASF Wyandot Corp dock.
South of Grassy Island a new channel would be dredged back to
Fighting Island Channel, and the Trenton Channel would be
widened to 315 feet so that 1100 foot vessels could proceed
to the McLouth Steel Corp. To the south of the McLouth ore
dock a 1650 foot turning basin would be dredged. Even under
the alternative scenarios for larger vessels, the enlarged
Trenton Channel south of Grassy Island would be limited to
1100' x 105' vessels.

Toledo. Bulk carriers would dock along a site presently being
filled just northeast of Harbor View Beach. A 1650 foot
turning basin would be dredged north of the docks assumed to
be constructed, across the entrance channel to the east of
the existing diked disposal area. The entrance and approach
channel would be widened to 800 feet.

Sandusky. To accommodate 1100 foot vessels at the Norfolk and
Western Railway coal dock and Lower Lakes Dock Co., a new
1650 foot turning basin would be dredged in the proximity of
the existing turning basin in the southwest corner of the
harbor. The south 400 feet of the spur dike and west 1250
feet of the rock dike would be removed. A new 800 foot tie
in to the rock dike would be constructed. Deepening below
current project depths would be required for all vessel
drafts under study. A small portion of the U.S. project
adjacent tothe Lower Lakes dock would be abandoned to pro-
vide space for docked vessels.

Lorrain. Dockage space is adequate for two 1100 foot vessels.
A 1650 foot turning basin would be dredged within the area
protected by the existing breakwaters.

Cleveland. Vessels would unload at the Ohio and Western Penn-
sylvania/Penn Central dock in the west basin of the harbor.
The east and west interior stub breakwater would be partially
removed to provide space for a 1650 foot turning basin. Two
additonal breakwaters would be constructed outside of the
West Channel Entrance. Each breakwater would be about 630
feet long in 27 to 32 feet of water.

Ashtabula. An 1100 foot vessel would unload at the Pinney Dock
on the east side of the harbor. A 1650 foot turning basin
would be dredged.
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Conneaut. There would be space for 1100' x 105' bulk carriers
tu dock at the mouth of the Conneaut River and along a pier
extension on the east side of the harbor being planned by
U.S. Steel. Additional dredging would be performed to
create a 1650 foot turning basin within the existing break-
waters.

Buffalo. It is assumed that ore dock facilities would be con-
structed along the outer harbor shoreline; there is space
alongside Diked Disposal Area No. 2, along an area south of
Municipal Pier, and adjacent to the Buffalo Samll Boat
Harbor. The north channel entrance would be dredged wider
to permit 1100 foot vessels to turn into and out of the
outer harbor, and a 1650 foot turning basin for ships to
reverse direction would be dredged in the southern portion
of the outer harbor.

Connecting Channels. For St. Mary's River, St. of Mackinac, St.
Clair and Detroit Rivers, Detroit East Outer Channel to
Toledo Harbor Approach, Pelee Passage, and Welland Canal:
same as text for 940' x 105' vessel.

St. Lawrence River. Same as text for 940' x 105' vessel.
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TABLE 13C HARBOR IMPROVEMENT SCENARIOS FOR 1200' AND

1300' x 130' VESSELS

Duluth-Superior. The 1200 and 1300 foot vessels would load iron
ore and coal at the docks in St. Louis Bay and Superior
Harbor Basin. Additional areas would be dredged to provide
maneuvering space in the Duluth Harbor and East Gate Basins,
and two turning basins 1950 feet in diameter would be dredged
(one in the Superior Harbor Basin; the other in the St. Louis
Bay cross channels).

Two Harbors. Two 1200 or 1300 foot vessels could dock at Two
Harbors. About 900 feet of the east breakwater would have
to be removed for a 1950 foot turning basin. A new break-
water extension 1050 feet in length would be constructed.

Presque Isle. Dredging would be required to form a 1950 foot
turning basin in the area protected by the existing break-
water.

Calumet. The area between the North Slip and the mouth of the
Calumet River would be dredged to provide dockage space for
the larger vessels. The area within the existing 28 foot
project would also need deepening.

Indiana. Additional breakwaters outside of the present harbor
would be constructed as in the 1100 foot alternative. For
1200 and 1300 foot ships, a 1950 foot turning basin would
be dredged within the protected area.

Gary. There is sufficient clearance for a 1200 or 1300 foot
vessel to unload in the existing large slip. A turning
basin 1950 feet in diameter would be dredged within the
existing breakwater enclosure.

Burns. There is room within the existing harbor for dredging
the required 1950 foot burning basin. Project depths would
also have to be deepened.

Detroit. The improvements necessary for 1200 or 1300 foot vessels
are identical to those described under the 1100 foot vessel
scenario.

Toledo. Ships of 130 foot beam would require the entrance
channel to Toledo Harbor to be widened to 990 feet for two-
way passage. A turning basin 1950 feet in diameter would
also be dredged to the east of the existing diked disposal
area.
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Sandusky. Vessels up to 1300 feet long could dock at the Norfolk
and Western Railway coal dock and the slip of the Lower Lakes
Dock Co. The Bay Channel and Mosely Channel would be widened
to 400 feet. The entire spur dike and approximately 1600
feet of the western rock dike would be removed. A 1950 foot
turning basin would be dredged, and a new dike 1800 feet in
length would be built to tie into the remaining portion of
the rock dike.

Lorain. For ships up to 1300 feet in length, about 1000 feet of
the west breakwater would have to be removed. It would be
replaced by a curving breakwater some 2,300 feet in length
to provide for a 1950 foot turning basin.

Cleveland. Improvements to accommodate 1200 or 1300 foot ships
in Cleveland Harbor are the same as those for 1100 foot ships,
except that the east and west interior stub breakwaters would
be almost completely remgved, and a larger 1950 foot turning
basin would be dredged.

Ashtabula. Vessels up to 1300 feet in length could unload at the
Pinney Dock. Improvements required are the same as for 1100
foot vessels except for a larger 1950 foot turning basin.

Conneaut. Improvements would be the same as for the 1100 foot
vessels, except for a 1950 foot turning basin.
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TABLE 13D HARBOR IMPROVEMENT SCENARIOS FOR 1500' x 175' VESSEL

Duluth-Superior. For the 175 foot wide vessel, one incremental
improvement would be necessary. The Burlington-Northern
Railway swing bridge over the South Channel in St. Louis
Bay would be converted to a larger movable span of at least
250 feet.

Two Harbors, Presque Isle, Calumet, Indiana Harbors. No incre-
mental improvements.

Gary. No incremental improvements. A 175 foot beam ship could

dock in the existing 250 foot wide slip.

Burns, Detroit Harbor. No incremental improvements.

Toledo. The approach and entrance channels would be widened to
1330 feet for two-way passage of 175 foot beam vessels.

Sandusky. In addition to the improvements made for the 130 foot
beam vessels, the Bay and Mosley Channels would have to be
widened to 525 feet.

Lorain, Cleveland, Ashtabula, Conneaut, and Buffalo Harbors. No
incremental improvements except for widening of approach
channels into the lake where such channels are necessary for
deeper drafts.

Connecting Channels. For the St. Mary's River, Strait of Mackinac,
St. Clair and Detroit Rivers, Detroit East Outer Channel to
Toledo Harbor Approach, and Welland Canal: same as text of
940' x 105' vessel except that two way-channel clearance would
generally be 1330 feet (e.g. Detroit East Outer Channel to
Toledo Harbor Approach). The Pelee Passage would have a
2000 foot channel width.

St. Lawrence River. Same as test for 940' x 105' vessel, except
channels would be widened to 1330 feet where practicable.

Buffalo. For 1300 foot vessels, the short breakwater between the
North Breakwater and New West Breakwater would be removed to
provide full clearance for a 1950 foot turning basin. For
1200 foot vessels the breakwater (and its lights) would remain
in place. For all ships of 130 foot beam, the approach
channel would be widened to 990 feet for two-way traffic.
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Connecting Channels. For the St. Mary's River, Strait of Mackinac,
St. Clair and Detroit Rivers, Detroit East Outer Channel to
Toledo Harbor Approach, and Welland Canal: Same as text for
940' x 105' vessel, except that two-way channel clearance
would generally be 990 feet (e.g. Detroit East Outer Channel
to Toledo Harbor Approach). The Pelee Passage would have a
width of 2000 feet.

St. Lawrence River. Same as text for 940' x 105' vessel except
that channels would be widened to 990 feet where practicable.
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The harbor improvement cost estimates from the "Maximum
Ship Size Study" were given in September 1977 dollars. These
figures were updated to January 1981 dollars using the "Construc-
tion Cost Index". A breakdown of the improvement costs by harbor
and ship size is given in Tables 14A through E. The cost given
in each table is independant of those in the other tables. These
costs are not incremental from the 940 x 105 ft ship size.

4.4 Bridges and Tunnels

Improvements to some of the bridges and tunnels along the
GL/SLS connecting channels are required to permit safe passage of
larger ships. The required bridge span for safe passage is dic-
tated by ship beam. No head room restrictions for bridges were
cited in the 1977 study. Tunnel size criteria are beam and draft
dependent. Listed in Table 15 are the bridges, and in Table 16
the tunnels, which may require modification to accommodate the
larger ships which are under consideration. Bridges and tunnels
not listed in the tables will not require modification. Also
given in Tables 15 and 16 are the estimated modification costs
from the "Maximum Ship Size Study" in January 1977 dollars, and
the updated costs in January 1981 dollars. These cost updates
were obtained using the "Building Cost Index" from Engineering
News Record.

4.5 Aids to Navigation

The "Maximum Ship Size Study" estimates that aids to nav-
igation will cost approximately 1% of the total federal construc-
tion'capital costs. The federal construction capital costs are
the costs of harbor and channel dredging, lock construction, and
bridge and tunnel construction. Since the federal construction
capital costs have been updated already, and since it is assumed
that the costs of aids to navigation have not increased at a
greater rate than these costs, the 1% figure was also used to de-
termine the updated cost of aids to navigation.

4.6 Real Estate Costs

No estimate was made in the "Maximum Ship Size Study" of
the amount of real estate that would have to be purchased as part
of the system improvements. Rather, an estimate of real estate
costs was made by using 2% of the federal construction capital
costs. Since there is no additional information on this topic,
2% of the updated federal construction capital costs was used to
estimate the updated real estate costs in this report.
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TABLE 14A HARBOR DREDGING

Ship Size = 940 x 105

HARBOR VOLUME BREAKWATER COST
OVERBURDEN ROCK REMOVAL 9/77 1/81
(1000 yd3 ) (1000 yd3) (FT) (1000 $) (1000 $)

SHIP DRAFT = 25.5 FT

Buffalo 6,207 0 0 20,173 25,941
Burns Harbor 384 0 0 1,200 1,543
Cleveland 50 0 0 450 579
Milwaukee 924 0 0 6,100 7,844
Toledo 28,318 0 0 131,850 169,550

SHIP DRAFT = 28 FT

Buffalo 9,977 0 0 32,425 41,696
Burns Harbor 1,140 0 0 3,380 4,346
Calumet 13,522 0 0 54,087 69,552
Cleveland 577 0 0 4,152 5,339
Detroit 401 0 0 1,607 2,066
Duluth-Superior 3,630 0 0 38,000 48,865
Milwaukee 1,757 0 0 10,800 13,888
Toledo 35,339 0 0 164,480 211,510

SHIP DRAFT = 32 FT

Buffalo 25,139 0 0 81,703 105,064
Burns Harbor 2,361 0 0 6,830 8,783
Calumet 30,610 0 0 122,443 157,453
Cleveland 1,732 0 0 12,065 15,515
Detroit 878 0 0 3,513 4,517
Duluth-Superior 8,257 0 0 58,500 75,227
Milwaukee 3,090 0 0 18,300 23,533
Toledo 46,727 0 0 245,930 316,249

SHIP DRAFT = 36 FT

Buffalo 37,624 0 0 122,277 157,240
Burns Harbor 3,671 0 0 10,500 13,502
Calumet 46,959 0 0 187,834 241,541
Cleveland 2,887 0 0 20,650 26,554
Detroit 1,130 0 0 4,520 5,812
Duluth-Superior 11,104 0 0 78,500 100,946
Milwaukee 4,424 0 0 25,800 33,177
Toledo 58,111 0 0 584,780 751,986

ENR "Construction Cost Index" Sept. 77 = 2644
Jan. 81 = 3400
Base: 1913 = 100
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TABLE 14B HARBOR DREDGING

Ship Size = 1100 x 105

HARBOR VOLUME BREAKWATER COST
OVERBURDEN ROCK REMOVAL 9/77 1/81
(1000 yd3 ) (1000 yd3 ) (FT) (1000 $) (1000 S)

SHIP DRAFT = 25.5 FT

Ashtabula 271 0 0 2,700 3,472

Buffalo 3,788 0 0 10,930 26,915
Cleveland 882 0 1,300 9,530 12,255
Conneaut 168 0 0 2,330 2,996
Detroit 0 0 75,440 97,011
Lorain 911 0 0 8,630 11,098
Sandusky 3,595 0 1,650 80,930 104,070

SHIP DRAFT = 28 FT

Ashtabula 542 0 0 6,380 8,204
Buffalo 6,231 0 0 37,378 48,066
Burns Harbor 583 0 0 1,800 2,315
Calumet 0 0 63,294 81,392
Cleveland 1,532 0 1,300 13,682 17,594

Conneaut 566 0 0 3,980 5,118
Detroit 0 0 104,330 134,161
Duluth-Superior 7,941 0 0 95,438 122,727
Gary 1,083 40 0 9,980 12,834
Indiana 2,704 0 3,800 40,900 52,595
Lorain 1,407 0. 0 15,376 19,772
Presque Isle 196 0 0 1,580 2,032
Sandusky 4,839 0 1,650 118,306 152,133
Toledo 27,584 0 0 128,480 165,216
Two Harbors 90 0 400 6,100 7,844

SHIP DRAFT = 32 FT

Ashtabula 975 0 0 13,661 17,567
Buffalo 10,141 0 0 93,289 119,963
Burns Harbor 1,277 0 0 3,750 4,822
Calumet 0 0 143,285 184,255
Cleveland 3,799 0 1,300 27,895 35,871
Conneaut 1,284 0 0 13,503 17,364

Detroit 0 0 163,330 210,031
Duluth 11,171 68 0 139,805 179,780
Gary 609 1,345 0 23,400 30,091
Indiana 6,412 0 ,800 97,500 125,378
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TABLE 14B HARBOR DREDGING (Continued)

Ship Size = 1100 x 105

HARBOR VOLUME BREAKWATER COST
OVERBURDEN ROCK REMOVAL 9/77 1/81
(1000 yd') (1000 3yd) (FT) (1000 $) (1000 $)

SHIP DRAFT = 32 FT

Lorain 2,199 0 0 26,858 34,538
Presque Isle 657 0 0 6,450 8,294
Sandusky 7,231 0 1,650 183,069 235,414
Toledo 38,004 0 0 209,030 268,798
Two Harbors 238 0 400 13,700 17,617

SHIP DRAFT = 36 FT

NO PLAN

ENR "Construction Cost Index" Sept. 77 = 2644
Jan. 81 = 3400
Base: 1913 = 100
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TABLE 14C HARBOR DREDGING

Ship Size = 1200 x 130

HARBOR VOLUME BREAKWATER COST
OVERBURDEN ROCK REMOVAL 9/77 1/81
(1000 yd3) (1000 yd3 ) (FT) (1000 $) (1000 S)

SHIP DRAFT = 25.5 FT

Ashtabula 486 0 0 3,560 4,578
Buffalo 5,045 0 0 23,400 30,091
Burns Harbor 195 0 0 6,000 7,716
Calumet 4,517 0 0 18,068 23,234
Cleveland 818 0 1,300 9,790 12,589
Conneaut 285 0 0 3,230 4,154
Detroit 2,313 0 0 9,250 11,895
Duluth-Superior 11,732 0 0 84,347 108,464
Gary 716 42 0 5,800 7,458
Indiana 561 0 3,800 10,140 13,039
Lorain 851 0 1,000 13,840 17,797
Presque Isle 98 0 0 790 1,016
Sandusky 5,310 0 1,600 92,550 119,013
Toledo 30,239 0 0 125,360 161,204
Two Harbors 37 0 900 4,000 5,144

SHIP DRAFT = 28 FT

Ashtabula 867 0 0 10,133 13,030
Buffalo 7,468 0 0 37,848 48,670
Burns Harbor 606 0 0 1,910 2,456
Calumet 21,372 0 0 85,488 109,932
Cleveland 1,628 0 1,300 14,681 18,879
Conneaut 693 0 0 5,580 7,175
Detroit 3,403 0 0 13,610 17,502
Duluth-Superior 15,537 0 0 108,869 139,998
Gary 666 266 0 9,200 11,831
Indiana 1,838 0 3,800 25,020 32,174
Lorain 1,359 0 1,000 22,783 29,297
Presque Isle 167 0 0 1,510 1,942
Sandusky 6,685 0 1,600 134,270 172,662
Toledo 37,487 0 0 158,700 204,077
Two Harbors 96 0 900 7,000 9,002

SHIP DRAFT = 32 FT

Ashtabula 1,475 0 0 16,950 21,797
Buffalo 10,606 785 0 94,573 121,614
Burns Harbor 1,278 0 0 3,900 5,015
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TABLE 14C HARBOR DREDGING (Continued)

Ship Size = 1200 x 130

HARBOR VOLUME BREAKWATER COST
OVERBURDEN ROCK REMOVAL 9/77 1/81
(1000 yd3 ) (1000 yd') (FT) (1000 $) (1000 $)

SHIP DRAFT = 32 FT

Calumet 48,382 0 0 193,528 248,864
Cleveland 3,756 0 1,300 29,324 37,709
Conneaut 1,445 0 0 15,387 19,787
Detroit 5,200 0 0 20,800 26,747
Duluth-Superior 21,763 63 0 155,574 200,057
Gary 483 1,170 0 21,900 28,162
Indiana 4,709 0 3,800 64,040 82,351
Lorain 2,169 0 1,000 37,943 48,792
Presque Isle 690 0 0 6,980 8,976
Sandusky 9,277 0 1,600 206,665 265,757
Toledo 48,795 0 0 250,540 322,177
Two Harbors 292 0 900 16,300 20,961

SHIP DRAFT = 36 FT

Ashtabula 2,083 0 0 37,288 47,950
Buffalo 13,131 1,966 0 187,648 241,302
Burns Harbor 2,031 0 0 6,150 7,908
Calumet 74,220 0 0 296,881 381,768
Cleveland 5,928 0 1,300 45,160 58,073
Conneaut 2,197 0 0 28,790 37,022
Detroit 6,883 0 0 27,530 35,402
Duluth-Superior 27,049 1,071 0 206,053 264,970
Gary 528 1,876 0 49,800 64,039
Indiana 7,589 0 3,800 140,840 181,110
Lorain 2,981 0 1,000 67,813 87,203
Presque Isle 1,240 0 0 15,830 20,356
Sandusky 11,835 0 1,600 352,621 453,446
Toledo 60,390 0 0 589,500 758,056
Two Harbors 524 0 900 29,900 38,449

ENR "Construction Cost Index" Sept. 77 = 2644
Jan. 81 = 3400
Base: 1913 = 100
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TABLE 140 HARBOR DREDGING

Ship Size = 1300 x 130

HARBOR VOLUME BREAKWATER COST
OVERBURDEN ROCK REMOVAL 9/77 1/81
(1000 yd ) (1000 yd ) (FT) (1000 () (1000 S)

SHIP DRAFT = 25.5 FT

Ashtabula 527 0 0 4,430 5,697
Buffalo 5,465 0 0 23,810 30,618
Burns Harbor 211 0 0 6,750 8,680
Calumet 4,894 0 0 19,574 25,171
Cleveland 886 0 1,300 10,050 12,924
Conneaut 309 0 0 4,130 5,311
Detroit 2,438 0 0 9,750 12,538
Duluth-Superior 12,710 0 0 91,411 117,548
Gary 776 45 0 5,630 7,240
Indiana 608 0 3,800 10,990 14,132
Lorain 922 0 1,000 19,050 24,497
Presque Isle 106 0 0 900 1,157
Sandusky 5,752 0 1,600 104,180 133,968
Toledo 32,759 0 0 152,480 196,079
Two Harbors 40 0 900 4,800 6,172

SHIP DRAFT = 28 FT

Ashtabula 939 0 0 9,380 12,062
Buffalo 8,090 0 0 38,298 49,249
Burns Harbor 656 0 0 2,000 2,572
Calumet 23,153 0 0 92,612 119,093
Cleveland 1,764 0 1,300 15,581 20,036
Conneaut 751 0 0 7,200 9,259
Detroit 3,585 0 0 14,340 18,440
Duluth-Superior 16,832 0 0 120,578 155,055
Gary 721 288 0 8,480 10,905
Indiana 1,991 0 3,800 27,110 34,862
Lorain 1,472 0 1,000 30,023 38,607
Presque Isle 181 0 0 1,430 1,839
Sandusky 7,242 0 1,600 149,870 192,722
Toledo 40,611 0 0 188,930 242,951
Two Harbors 104 0 900 8,100 10,416

SHIP DRAFT = 32 FT

Ashtabula 1,598 0 0 20,070 25,802
Buffalo 11,490 850 0 94,663 123,016
Burns Harbor 1,385 0 0 4,050 5,208
Calumet 52,414 0 0 209,656 269,603
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TABLE 14D HARBOR DREDGING (Continued)

Ship Size = 1300 x 130

HARBOR VOLUME BREAKWATER COST
OVERBURDEN ROCK REMOVAL 9/77 1/81
(1000 yd3) (1000 yd3) (FT) (1000 $) (1000 $)

Cleveland 4,069 0 1,300 30,334 39,007
Conneaut 1,565 0 0 17,147 22,050
Detroit 5,478 0 0 21,910 28,175
Duluth-Superior 23,577 68 0 169,276 217,677
Gary 523 1,267 0 20,550 26,426
Indiana 5,101 0 3,800 69,380 89,218
Lorain 2,350 0 1,000 48,403 62,243
Presque Isle 748 0 0 7,500 9,644
Sandusky 10,050 0 1,600 228,565 293,919
Toledo 52,861 0 0 292,050 375,556
Two Harbors 316 0 900 19,000 24,433

SHIP DRAFT = 36 FT

Ashtabula 2,257 0 0 39,988 51,422
Buffalo 14,225 2,130 0 195,718 251,680
Burns Harbor 2,200 0 0 6,380 8,204
Calumet 80,433 0 0 321,730 413,722
Cleveland 6,422 0 1,300 46,280 59,513
Conneaut 2,380 0 0 31,170 40,082
Detroit 7,258 0 0 29,030 37,331
Duluth-Superior 29,303 1,160 0 222,192 285,723
Gary 572 2,032 0 49,280 63,371
Indiana 8,221 0 3,800 152,580 196,207
Lorain 3,229 0 1,000 84,463 108,614
Presque Isle 1,343 0 0 17,100 21,989
Sandusky 12,821 0 1,600 383,001 492,513
Toledo 65,423 0 0 666,380 856,918
Two Harbors 568 0 900 31,900 41,021

ENR "Construction Cost Index" Sept. 77 = 2644
Jan. 81 = 3400
Base: 1913 = 100
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TABLE 14E HARBOR DRE-G"NG

Ship Size = 13CC x I,'

HARBOR VOLUME BREAKAATED COST
OVERBURDEN ROCK REMOVAL 9/77 1/81
(1000 yd3 ) (1000 yd') (FT) (1000 S) (1000 S)

SHIP DRAFT = 25.5 FT

Ashtabula 527 0 0 4,430 5,697
Buffalo 7,546 0 0 24,524 31,536
Burns Harbor 211 0 0 6,750 8,680
Calumet 6,588 0 0 26,350 33,884
Cleveland 886 0 1,300 10,050 12,924
Conneaut 309 0 0 4,130 5,311
Detroit 2,890 0 0 11,560 14,865
Duluth-Superior 13,668 0 0 95,677 123,034
Gary 776 45 0 5,630 7,240
Indiana 819 0 3,800 14,800 19,032
Lorain 922 0 1,000 19,050 24,497
Presque Isle 106 0 0 900 1,157
Sandusky 5,752 0 1,600 104,180 133,968

Toledo 32,759 0 0 152,480 196,079
Two Harbors 40 0 900 4,800 6,172

SHIP DRAFT = 28 FT

Ashtabula 939 0 0 9,380 12,062
Buffalo 12,141 0 0 39,457 50,739
Burns Harbor 656 0 0 2,000 2,572
Calumet 31,168 0 0 124,670 160,317
Cleveland 1,389 0 1,300 15,753 20,257
Conneaut 751 0 0 7,200 9,259
Detroit 3,998 0 0 15,990 20,562
Duluth-Superior 17,895 0 0 125,268 161,086
Gary 721 288 0 8,480 10,905
Indiana 2,028 0 3,800 36,500 46,936
Lorain 1,469 0 1,000 30,344 39,020
Presque Isle 181 0 0 1,430 1,839
Sandusky 8,311 0 1,600 150,523 193,562
Toledo 40,611 0 0 188,930 242,951
Two Harbors 104 0 900 8,100 10,416
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TABLE 14E HARBOR DREDGING (continued)

Ship Size = 1300 x 175

HARBOR VOLUME BREAKWATER COST
OVERBURDEN ROCK REMOVAL 9/77 1/81
(1000 yd3 ) (10003yd) (FT) (1000 $) (1000 $)

SHIP DRAFT = 32 FT

Ashtabula 1,624 0 0 20,396 26,228
Buffalo 12,356 952 0 100,452 129,174
Burns Harbor 1,385 0 0 4,050 5,208
Calumet 70,558 0 0 282,230 362,928
Cleveland 4,166 0 1,300 31,057 39,937
Conneaut 1,585 0 0 17,371 22,338
Detroit 5,808 0 0 23,230 29,872
Duluth-Superior 24,640 159 0 174,082 223,857
Gary 523 1,267 0 20,550 26,426
Indiana 6,867 0 3,800 93,400 120,106
Lorain 2,405 0 1,000 49,533 63,696
Presque Isle 748 0 0 7,500 9,644
Sandusky 7,753 0 1,600 231,617 297,843
Toledo 52,861 0 0 292,050 375,556
Two Harbors 316 0 900 19,000 24,433

SHIP DRAFT = 36 FT

Ashtabula 2,412 0 0 42,740 54,961
Buffalo 15,698 2,344 0 215,304 276,866
Burns Harbor 2,200 0 0 6,380 8,204
Calumet 108,275 0 0 433,099 556,935
Cleveland 6,643 0 0 47,872 61,560
Conneaut 2,524 33,059 42,512
Detroit 7,503 0 0 30,010 38,591
Duluth-Superior 30,360 1,428 0 231,087 297,162
Gary 572 2,032 0 49,280 63,371
Indiana 11,067 0 3,800 205,400 264,130
Lorain 3,399 0 1,000 88,914 114,337
Presque Isle 1,343 0 0 17,100 21,989
Sandusky 13,319 0 1,600 397,884 411,651
Toledo 65,423 0 0 666,380 856,918
Two Harbors 568 0 900 31,900 41,021

ENR "Construction Cost Index" Sept. 77 = 2644
Jan. 81 = 3400
Base: 1913 1 100
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TABLE 15 BRIDGE MODIFICATION COSTS (1000$)

BRIDGE SHIP BEAM = 105' SHIP BEAM = 130' SHIP BEAM = 175'
1/77 1/81 1/77 1/81 1/77 1/81

Duluth-Superior

Harbor Bridge 0 3 0 0 4,100 5,529

Iroquois Lock Br. 1,688 2,302 2,090 2,851 2,813 3,837

Valleyfield Br. 0 0 0 0 3,203 4,369

St. Louis Br. 0 0 0 0 3,203 4,369

Penn Central
RR Br. 3,400 4,638 3,676 5,014 4,090 5,579

Beautharnois
RR Br. 13,600 18,550 16,900 23,052 22,800 31,099

Cote Ste.
Catherine Br. 1,688 2,302 2,090 2,851 2,813 3,837

St. Lambert Hwy &
RR Br. 27,000 36,828 33,800 46,103 45,500 62,062

Jacques Cartier 0 0 0 0 3,000 4,092

ENR "Building Cost Index" Jan. 77 = 1489
Jan. 81 = 2031
Base: 1913 = 100
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4.7 Contingency

A contingency estimate of 20% of the sum of the updated
federal construction capital costs, aids to navigation cost, and
real estate cost was used in the updated cost estimate in the
same manner as was used for the original study.

4.8 Engineering and Design, Supervision and Administration

It is estimated that engineering and design will cost 5%
of the updated total federal capital costs, which are the federal
construction capital costs plus the aids to navigation costs, the
real estate cost, and the contingency allowance. Supervision and
administration costs are estimated to be 6% of the updated federal
capital costs plus the engineering and design costs. These
methods are identical to those used in the original study.

4.9 Non-Federal First Costs

Non-federal first costs include the costs of items such as
pipeline and cable relocation. They do not include the costs of
docks, piers, and cargo handling equipment. Non-federal first
costs are estimated to be 2% of the federal first costs, which
are the federal capital costs plus the engineering and design
cost, and the supervision and administration cost as was done in
the original study.

4.10 Investment Costs

Investment cost is the foregone interest earnings on the
federal funds used during the construction period, prior to the
start of benifits. A five year period from the start of construc-
tion to the first accrual of benefits was assumed for the "Maxi-
mum Ship Size Study". The specified interest rate for Fiscal Year
1981, which extends from October 1, 1980 through September 30,
1981, is 7.375%. The capital investment is the total first cost,
consisting of the sum of the non-federal first costs and the
federal first costs.

4.11 Operation and Maintenance Costs

The operation and maintenance costs given in the "Maximum
Ship Size Study" were estimated increases in maintenance dredging
costs for the GL/SLS System resulting from the proposed System
improvements. Increased mairtenance dredging would be expected in
the harbors because of the additional area which must be kept open
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due to the modifications. These costs were based on a four year
average of maintenance dredging costs, which were obtained from
Corps of Engineers Annual Reports, and were updated to October
1977 dollars using an Engineering News Pecord cost index. Only
the maintenance dredging cost was included in the increase of
operation and maintenance costs in the "Maximum Ship Size Study"
because it would be by far the largest cost increase.

The operation and maintenance costs were updated in this
report from October 1977 dollars to January 1981 dollars by
applying the Engineering News Record "Construction Cost Index".
The original and updated operation and maintenance costs are
summarized in Tables 17A through E.
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5. RECOMMENDATIONS

This subtask has itemized the cost information from the
draft "Maximum Ship Size Study" and has updated those costs to
January 1981 dollars. In doing this, it has been assumed that
the cargo forecasts made for use in the study are still reason-
able. New cargo forecasts are being made by Booz, Allen and
Hamilton under another task of this Great Lakes/St. Lawrence
Seaway Regional Transportation Study. While updating the cargo
forecasts will not change the costs documented in this report,
they could affect the optimal ship selection which was made in
the original "Maximum Ship Size Study.

ARCTEC, Incorporated is currently developing a new fleet
mix model to predict the future Great Lakes/St. Lawrence Seaway
fleet mix based on projected cargo demands. This fleet mix model
could also be used to refine the "Maximum Ship Size Study", re-
placing the Study's fleet mix model which simply assumes that all
new ships are of maximum size.

Finally, the entire Study could be refined by reevaluating
the underlying assumptions of the study in view of current nation-
al and world conditions. Appendix A of the original "Maximum
Ship Size Study" stated the assumption that all ships will be U.S.
constructed and U.S. manned [1]. Obviously such assumptions do
not take the current world fleet into account. The only benefits
taken into account are those which would accrue to the United
States. Clearly Canada has a considerable interest in the GL/SLS
System and could also derive significant benefits from System
improvements. The draft "Maximum Ship Size Study" estimated that
the Canadian share of the improvement costs could be 25%. A
revised study could examine both the Canadian and U.S. interests
in greater detail and better estimate a cost sharing methodology.
All of these additional considerations could have significant
impact on the optimum vessel size.
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